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ABSTRACT 
Eutrema deltoideum (Hook. f. et Thoms.) has been recognized as a potentially important vegetable and 
medicinal resource. In this study, we present the complete chloroplast genome of E. deltoideum and con-
duct a phylogenetic analysis. The chloroplast genome is 154,051 bp long and consists of a large single-copy 
(LSC) region of 84,149 bp, two inverted repeat (IR) regions of 26,065 bp each, and a small single-copy (SSC) 
region of 17,772 bp. It contains 132 complete genes, including 87 protein-coding genes, 8 ribosomal RNA 
genes, and 37 tRNA genes. Additionally, we identified 78 simple sequence repeats (SSRs). The phylogenetic 
tree reveals that E. deltoideum is closely related to E. heterophyllum, and the Eutrema genus is monophyletic. 
This study provides valuable information about E. deltoideum and enhances our understanding of its taxo-
nomic classification.
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Introduction

The genus Eutrema R. Br. is of significant economic importance 
within the Brassicaceae family, comprising approximately 40 spe-
cies that are primarily found in East Asia and neighboring regions 
(Hao et al. 2017; German and Al-Shehbaz 2018). Eutrema plants 
are renowned for their abundant production of isothiocyanates, a 
class of natural compounds known for their potent pungent fla-
vor and remarkable antimicrobial properties (Fuke et al. 1997; 
Qiu et al. 2019; Yamane et al. 2023). E. deltoideum (Hook. f. et 
Thoms.) Schulz 1924 is a promising botanical resource with sig-
nificant potential as both a valuable vegetable and medicinal 
plant (Niedenzu in Engler 1928; Hao et al. 2017). As a wild plant, 
E. deltoideum exhibits remarkable adaptability to extreme envi-
ronments and thrives at high altitudes ranging from 3000 to 
4000 m in the western regions of China. However, there is cur-
rently a significant dearth of molecular data regarding E. deltoi-
deum. In this study, we aimed to address this gap by conducting 
a comprehensive analysis of the complete chloroplast (cp) gen-
ome sequences of E. deltoideum. By characterizing and examining 
the entirety of its cp genome sequence, we sought to establish a 
valuable resource that can be utilized for further exploration of 
the evolutionary relationships within the Brassicaceae family.

Materials and methods

Plant material, DNA extraction, and sequencing

Fresh leaves of E. deltoideum were collected from Lasa, Tibet, 
China; coordinates 30�150 N, 91�290 E, 4390 m (Figure 1). 

A voucher specimen was identified by Zhenhui Kang and 
deposited at the herbarium, College of Life Sciences, Sichuan 
University (SZ), with the voucher number ED20230304 and 
under the charge of Zhenhui Kang (150363146@qq.com). 
Total genomic DNA was extracted using the modified CTAB 
method (Doyle and Doyle 1987). The high-quality DNA was 
sequenced on the Illumina HiSeq 2000 platform, resulting in 
approximately 10 GB of paired-end clean reads. The complete 
chloroplast (cp) genome was assembled using SPAdes v3.15.4 
(Bankevich et al. 2012), with Eutrema yunnanense 
(KT270357.1) as the reference sequence, by utilizing the clean 
reads obtained and executing the command: spades.py −1 
1.fq −2 2.fq -o results -k 21,77,127. The annotation of the cp 
genome was performed using CPGAVAS2 (Shi et al. 2019). 
After the initial annotation, manual adjustments were made 
to further refine the results. Finally, Chloroplot was used to 
visualize the cp genome (Zheng et al. 2020).

Repeats and SSR analysis

Simple sequence repeats (SSRs) were identified using MISA, 
including mono-, di-, tri-, tetra-, penta-, and hexa-nucleotides 
with minimum numbers of 10, 6, 5, 4, 4, and 4, respectively 
(Beier et al. 2017). In addition, REPuter was used to calculate 
palindromic repeats, forward repeats, reverse repeats, and 
complementary repeats with the following parameters: ham-
ming distance and minimum repeat size were 3 and 30, 
respectively (Kurtz et al. 2001).
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Phylogenetic analysis

To further clarify the phylogenetic position of E. deltoideum, 
the cp genomes of 18 representative Brassicaceae sequences 
were obtained from NCBI to construct the phylogeny. The 
dataset included 11 sequences from Eutrema, 3 sequences 
from Isatis, and 2 sequences from Arabis, 2 sequences from 
Descurainia, and Arabidopsis thaliana. After adjustment and 
alignment with MAFFT v7.49 (Katoh and Standley 2013), a 
maximum-likelihood (ML) phylogenetic tree was constructed 
using RAxML v8.2.12 (Stamatakis 2014) with the GTR GAMMA 
model and 1000 bootstrap replicates. Arabidopsis thaliana, 
Descurainia sophia, and Descurainia erodiifolia were used as 
outgroups for analyses of the phylogenetic relationships.

Results

General features of the cp genome

The E. deltoideum cp genome is 154,051 bp in length, consist-
ing of a typical quadripartite structure with a large single- 
copy (LSC) region of 84,149 bp, two inverted repeat (IR) 
regions of 26,065 bp each, and a small single-copy (SSC) 
region of 17,772 bp. The entire cp genome contains 132 com-
plete genes, including 87 protein-coding genes (87 PCGs), 8 
ribosomal RNA genes (8 rRNAs), and 37 tRNA genes (37 
tRNAs). Most genes occur in a single copy, while 19 genes 
are duplicated, including 4 rRNAs (rrn4.5, rrn5, rrn16, and 
rrn23), 7 tRNAs (trnN-GUU, trnR-ACG, trnA-UGC, trnE-UUC, 
trnV-GAC, trnL-CAA, and trnI-CAU), and 8 PCGs (rps7, rpl2, 
rpl23, ndhB, ycf2, ycf15, ycf1, and rps12). The overall GC 

content of the cp genome is 36.35%, while the correspond-
ing values of the LSC, SSC, and IR regions are 34.08%, 
29.32%, and 42.43%, respectively. (Figure 2; Figure S1; Figure 
S2). Then the annotated cp genome was submitted to 
GenBank with the accession number OQ473639.

Repeats analysis

In the present study, a total of 78 simple sequence repeats 
(SSRs) were identified in the cp genome of E. deltoideum. 
These SSRs consisted of 73 mononucleotide repeats, 5 
dinucleotide repeats, and no trinucleotide, tetranucleotide, 
pentanucleotide, or hexanucleotide repeats were detected. 
Most of the SSRs were mononucleotides, accounting for 94% 
of the total. In the cp genome of E. deltoideum, SSRs were 
most abundant in the LSC region and lowest abundance in 
the IR region. In addition, we detected 40 long repeats, 
including 18 forward repeats and 22 palindromic repeats 
(Table S1).

Phylogenetic analysis

To understand the phylogenetic position of E. deltoideum 
within the Eutrema genus. This analysis yielded a phylogenetic 
tree with 100% bootstrap support for all its nodes, showing 
the reliability of the phylogeny (Figure 3). The phylogenetic 
tree shows that E. deltoideum and E. heterophyllum were 
closely related, and all species of Eutrema comprised a mono-
phyletic group within the Brassicaceae.

Figure 1. The reference image of E. deltoideum. (A) E. deltoideum, (B) Leaves, (C) Fruit. E. deltoideum is morphologically most similar to E. baimashanicum, from 
which it is distinguished by having smaller flowers, curved, oblong to ovate fruit. This image was taken by Hao at coordinates 27�29’05’’ N 88�54’25’’ E.
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Discussion and conclusion

In this study, the entire cp genome of E. deltoideum was 
comprehensively sequenced, assembled and annotated, 
which contains 132 complete genes and 78 SSRs.

The structure and sequence of chloroplast harbor rich 
information, which is importance in elucidating the origins, 
evolution, and the phylogenetic relationships among differ-
ent species. We believe that the discovered cp genome will 
serve as a valuable resource for advancing the phylogenetic 
research on Eutrema.

A total of 19 cp genome sequences from Brassicaceae 
species were aligned for the phylogenetic analysis, in which 

E. deltoideum and E. heterophyllum were clustered into one 
group, showing their close evolutionary relationship. 
However, E. baimashanicum is morphologically very similar to 
E. deltoideum, which is absent from the phylogenetic tree. To 
attain more accurate phylogenetic relationships, additional 
genome of Eutrema need to be sequenced.

Ethical approval

The sample (E. deltoideum) was collected strictly by guidelines provided by 
the Sichuan University and Chinese regulations. No ethical approval/per-
mission is required in this study.

Figure 2. Circular map of the cp genome of Eutrema deltoideum. The direction of transcription is indicated by the orientation of genes, with clockwise transcription 
indicated for genes on the inside of the circle and counter-clockwise transcription indicated for genes on the outside of the circle. The inner circle shows the distri-
bution of at (light grey) and GC (dark grey) content across the genome.
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